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ABSTRACT We report here the draft genome of Kretzschmaria (Ustulina) deusta, an
ascomycetous fungus that colonizes and substantially degrades hardwood and can
infest living broad-leaved trees. The genome was assembled into 858 contigs, with a
total size of 46.5 Mb, and 11,074 protein-coding genes were predicted.
The ascomycete Kretzschmaria deusta belongs to the family Xylariaceae, whichincludes fungi causing soft-rot type II, a special type of wood rot (1). These fungi are
able to disintegrate cellulose, hemicellulose (mainly xylan), and, to some extent, lignin
(2). Unlike basidiomycetes causing white rot, those causing soft rot do not possess
ligninolytic class II peroxidases (i.e., manganese-oxidizing peroxidases, lignin peroxi-
dase); instead, they seemingly possess an alternative enzymatic system to degrade
substantially woody lignocelluloses. This system has been proposed to consist of
numerous and diverse glycoside hydrolases (GHs), several carbohydrate esterases (CEs),
and different laccases, which may act jointly in the course of wood degradation and
which are of biotechnological interest (2, 3). Whether peroxidative enzymes, such as
dye-decolorizing peroxidase (DyP), generic peroxidase (GP), and unspeciﬁc peroxyge-
nase (UPO), contribute to lignin modiﬁcation through wood colonization is still unclear.
The fungus K. deusta DSM 104547 (GenBank accession number KY781165) was
isolated from a beech stump (Fagus sylvatica, Germany, Zittau, Zittauer Gebirge;
50°50=56.1N, 14°45=39.1E). The strain was cultivated in 2.5% whey-protein-glucose
medium in shake ﬂasks (100 rpm) at 22°C. After harvesting, a freeze-dried biomass
sample was used to extract the genomic DNA with the DNeasy plant maxikit (Qiagen,
Hilden, Germany). Genomic DNA was enzymatically sheared, and a 200-bp fragment
library was prepared using the Ion Xpress Plus fragment library kit (Thermo Fisher,
Darmstadt, Germany). After emulsion-based PCR with the Ion PGM template OT2 200
kit, the Ion Torrent PGM was used for sequencing with the Ion PGM 200 version 2
sequencing kit and a 318 V2 chip. Six million reads with a median size of 230 bp were
generated.
The (re)assembly of 3.5 million reads, 150 to 380 bp in size, was performed using
MIRA version 4.0 (4) integrated in Geneious R10 (5). A second assembly step using the
Geneious R10 assembler (with the high-sensitivity setting) was carried out to ﬁlter for
duplicate contigs. Assembly quality was analyzed using BUSCO (6), and the best
assembly showed 94.2% completeness of full-length conserved genes (predictor, Asper-
gillus oryzae). Genome statistics were evaluated using QUAST (7). The draft genome
sequence of K. deusta was assembled into 885 contigs, with a total size of 46.5 Mb, an
N50 value of 89,981, and an average GC content of 47.1%. The genome was annotated
using AUGUSTUS (species parameter, A. oryzae) (8), and a total of 11,074 protein-coding
sequences were predicted. Speciﬁc enzymes of interest were annotated and ﬁltered
using Blast2GO (BioBam, Valencia, Spain) and dbCAN (9).
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Altogether, 696 carbohydrate-related enzymes and modules were identiﬁed: 297
glycoside hydrolases (including 4 GH78s), 104 carbohydrate esterases, 15 polysaccha-
ride lyases, 82 glycosyltransferases, 131 enzymes with auxiliary activities, and 67
carbohydrate-binding modules (CBMs), among them 13 from CBM family 1, which
binds to cellulose. Several oxidoreductases with putative activities toward aromatic
compounds—namely, three UPOs (members of the heme-thiolate peroxidase super-
family) (10), two DyPs (subfamilies A and D) (11), and two class II peroxidases (i.e., GPs)
(12)—were identiﬁed as members of the plant-fungal-bacterial peroxidase superfamily
(11) (GenBank accession numbers KY782128 to KY782142).
Accession number(s). This whole-genome shotgun project has been deposited at
DDBJ/ENA/GenBank under the accession number MLHU00000000. The version de-
scribed in this paper is the third version, MLHU03000000.
ACKNOWLEDGMENTS
We thank Ulrike Schneider for help.
The work was ﬁnancially and scientiﬁcally supported by the European Union (inte-
grated projects INDOX-KBBE 2013.3.3-04, EnzOx2 H2020-BBI-PPP-2015-2-1-720297, DFG
projects HO 1961/6-1 and KE 1742/2-1 within the context of the German Biodiversity
Exploratories SPP 1374, and DFG PeroxiDiv HO 1961/8-1), as well as by the AiF project
PeroxyMEER IGF 19636 BG/3.
REFERENCES
1. Duncan CG. 1960. Wood-attacking capacities and physiology of soft-rot
fungi. Report no. 2173. U.S. Forest Products Laboratory, Madison, WI.
2. Liers C, Ullrich R, Steffen KT, Hatakka A, Hofrichter M. 2006. Mineraliza-
tion of 14C-labelled synthetic lignin and extracellular enzyme activities of
the wood-colonizing ascomycetes Xylaria hypoxylon and Xylaria poly-
morpha. Appl Microbiol Biotechnol 69:573–579. https://doi.org/10.1007/
s00253-005-0010-1.
3. Nghi DN, Bittner B, Kellner H, Jehmlich N, Ullrich R, Pecyna MJ, Nousi-
ainen P, Sipilä J, Huong LM, Hofrichter M, Liers C. 2012. The wood rot
ascomycete Xylaria polymorpha produces a novel GH78 glycoside hy-
drolase that exhibits -L-rhamnosidase and feruloyl esterase activities
and releases hydroxycinnamic acids from lignocelluloses. Appl Environ
Microbiol 78:893–4901. https://doi.org/10.1128/AEM.07588-11.
4. Chevreux B, Wetter T, Suhai S. 1999. Genome sequence assembly using
trace signals and additional sequence information, p 45–56. In Computer
science and biology. Proceedings of the German Conference on Bioin-
formatics (GCB) ’99. GCB, Hannover, Germany.
5. Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S,
Buxton S, Cooper A, Markowitz S, Duran C, Thierer T, Ashton B,
Meintjes P, Drummond A. 2012. Geneious Basic: an integrated and
extendable desktop software platform for the organization and anal-
ysis of sequence data. Bioinformatics 28:1647–1649. https://doi.org/
10.1093/bioinformatics/bts199.
6. Simão FA, Waterhouse RM, Ioannidis P, Kriventseva EV, Zdobnov EM.
2015. BUSCO: assessing genome assembly and annotation complete-
ness with single-copy orthologs. Bioinformatics 31:3210–3212. https://
doi.org/10.1093/bioinformatics/btv351.
7. Gurevich A, Saveliev V, Vyahhi N, Tesler G. 2013. QUAST: quality assess-
ment tool for genome assemblies. Bioinformatics 29:1072–1075. https://
doi.org/10.1093/bioinformatics/btt086.
8. Stanke M, Steinkamp R, Waack S, Morgenstern B. 2004. AUGUSTUS: a
Web server for gene ﬁnding in eukaryotes. Nucleic Acids Res 32:
W309–W312. https://doi.org/10.1093/nar/gkh379.
9. Yin Y, Mao X, Yang JC, Chen X, Mao F, Xu Y. 2012. dbCAN: a Web
resource for automated carbohydrate-active enzyme annotation. Nu-
cleic Acids Res 40:W445–W451. https://doi.org/10.1093/nar/gks479.
10. Hofrichter M, Kellner H, Pecyna MJ, Ullrich R. 2015. Fungal unspeciﬁc
peroxygenases: heme-thiolate proteins that combine peroxidase and
cytochrome P450 properties. Adv Exp Med Biol 851:341–368. https://doi
.org/10.1007/978-3-319-16009-2_13.
11. Zámocký M, Hofbauer S, Schaffner I, Gasselhuber B, Nicolussi A, Soudi M,
Pirker KF, Furtmüller PG, Obinger C. 2015. Independent evolution of four
heme peroxidase superfamilies. Arch Biochem Biophys 574:108–119.
https://doi.org/10.1016/j.abb.2014.12.025.
12. Zerva A, Christakopoulos P, Topakas E. 2015. Characterization and ap-
plication of a novel class II thermophilic peroxidase from Myceliophthora
thermophila in biosynthesis of polycatechol. Enzyme Microb Technol
75–76:49–56. https://doi.org/10.1016/j.enzmictec.2015.04.012.
Büttner et al.
Volume 5 Issue 43 e01076-17 genomea.asm.org 2
RQ-DQXDU\E\6
$
(
&
+
6
/$
1
'
(
6
%
,%
/,2
7+
(
.
KWWSJHQRP
HDDVP
RUJ
'
RZ
QORDGHGIURP

